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Title 

"MULTISTAGE PROCESS FOR THE (CO) POLYMERIZATION OF OLEFINS" 

The present invention relates to a multistage process for 
the polymerization of olefins CH2=CHR, where R is hydrogen or 
an alkyl, cycloalkyl or aryl radical with 1-10 carbon atoms. 
In a first stage, carried out in one or more reactors, one or 
more of the said olefins are polymerized in the presence of a 
catalyst comprising the reaction product of an alkyl-Al com- 
pound with a compound of Ti and/or V supported on a magnesium 
halide in active form, obtaining an olef inic polymer that has 
particular values of porosity. In a second stage of polymeri- 
zation, one or more of said olefins CH2=CHR are polymerized in 
the presence of the product obtained by bringing said porous 
polymer into contact with a compound of a transition metal M 
containing at least one M-tt bond, obtaining new polymer compo- 
sitions directly from the reactors. 

Multistage processes for the polymerization of olefins, 
carried out in two or more reactors, are known from the patent 
literature and are of particular interest in industrial prac- 
tice. The possibility of independently varying, in any reac- 
tor, process parameters such as temperature, pressure, type 
and concentration of monomers, concentration of hydrogen or 
other molecular weight regulator, provides much greater flexi- 
bility in controlling the composition and the properties of 
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the end product compared with single-stage processes. Multi- 
stage processes are generally carried out using the same cata- 
lyst in the various stages/reactors: the product obtained in 
one reactor is discharged and sent directly to the next 
stage/reactor without altering the nature of the catalyst. 

Multistage processes find application for example in the 
preparation of olefin (co) polymers with broad molecular weight 
distribution (MWD), by producing polymer fractions with dif- 
ferent molecular weight in the various reactors. The molecular 
weight in each reactor, and therefore the range of the MWD of 
the final product, is generally controlled by using a molecu- 
lar weight regulator, which is preferably hydrogen. Multistage 
processes are also used in the preparation of high-impact co- 
polymers of propylene by sequential polymerization of propyle- 
ne and of mixtures of propylene with ethylene. In a first 
stage, propylene is homopolymerized or copolymerized with 
smaller proportions of ethylene and/or olefins having 4-10 
carbon atoms, obtaining a stereoregular polymer; in a second 
stage, mixtures of ethylene and propylene are polymerized in 
the presence of the polymer including the catalyst that is 
obtained in the first stage, obtaining polypropylene composi- 
tions that have improved impact strength. 

Processes of this type are described for example in USP 
4,521,566. In said patent, polypropylene compositions having 
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high impact strength are prepared in a multistage process 
which comprises at least one stage of homopolymerization of 
propylene and at least one stage of polymerization of ethyle- 
ne/propylene mixtures in the presence, in both stages, of a 
catalyst comprising a compound of titanium supported on a mag- 
nesium halide in active form. 

European patent application EP-A-433989 describes a pro- 
cess for preparing polypropylene compositions containing from 
20 to 99% by weight of a crystalline (co)polymer, containing 
at least 95% by weight of propylene units, and from 1 to 80% 
by weight of a non-crystalline ethylene/propylene copolymer, 
containing from 20 to 90% by weight of ethylene units. The 
process is effected in 2 stages: in a first stage, carried out 
in liquid propylene, the crystalline propylene (co)polymer is 
produced, and in a second stage, carried out in a hydrocarbon 
solvent, the non-crystalline ethylene/propylene copolymer is 
produced. The same catalyst, consisting of a chiral metal loce- 
ne and an alximinoxane, is used in both stages. 

European patent application EP-A-433990 describes a pro- 
cess in two stages for the preparation of propylene-based po- 
lymer compositions similar to those described in EP-A-433989. 
In the first stage the crystalline propylene (co)polymer is 
produced by polymerization in liquid propylene, and in the 
second stage the non-crystalline ethylene-propylene copolymer 
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is produced by gas-phase polymerization. Also in this case, 
the same catalyst, consisting of a chiral metallocene and an 
aluminoxane , is used in both reactors. 

German patent application DE 4130429 describes a multi- 
stage process for the production of block copolymers, carried 
out entirely in the gas phase. In a first stage a propylene 
homo or copolymer matrix is produced in a quantity between 45 
and 95% by weight based on the total product; in a second 
stage, carried out in the presence of the polypropylene matrix 
previously produced and the catalyst used therein, an 
ethylene/a-olef in copolymer is prepared, containing from 0.1 
to 79.9% by weight of ethylene units, in a quantity of between 
5 and 55% by weight based on the total product. In both 
stages, polyme-rization is carried out in the gas-phase using 
the same metallocene catalyst. 

The processes of the state of the art have various limi- 
tations, one of which derives from the fact that the same ca- 
talyst is used in the different process stages and therefore 
the characteristics of the products obtained in the individual 
stages are not always optimum. For example, in the case of the 
heterophase copolymers prepared in multistage processes using 
non-metal locene Ti-based catalysts, the properties of the rub- 
bery copolymer produced in the second stage are poor. It is 
known in fact that said catalysts produce ethylene/propylene 
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copolymers containing relatively long sequences of the same 
monomer unit and consequently the elastomeric properties of 
the product are poor. 

It has now been found a multistage process by which it is 
possible to prepare a wide range of olefinic polymer composi- 
tions, working with different catalyst systems in the various 
stages • In particular, the process of the invention comprises 
a first stage in which, in the presence of titanium or vana- 
dium catalysts, an olefinic polymer having particular values 
of porosity is prepared, and a second stage in which, in the 
presence of said porous polymer and a metallocene compound 
and/or their reaction products, one or more olefins are poly- 
merized, said olefins being identical to or different from 
those polymerized in the first stage. 

The process of the invention is characterized in that it 
comprises : 

(I) a first stage of polymerization, in which one or more of 
said olefins CHa^CHR are polymerized, in one or more re- 
actors, in the presence of a catalyst comprising the pro- 
duct of the reaction between an alkyl-Al compound and a 
solid component comprising at least one compound of a 
transition metal m' selected from Ti or V and not contai- 
ning M^-7T bonds and a halide of Mg in active form, said 
catalyst being capable of producing an olefinic polymer 

- 5 - 
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that has porosity, expressed as percentage of voids, 
greater than 5%; 

(II) a treatment stage, in which the polymer obtained in said 
first stage of polymerization (I) is contacted with a 
compound of a transition metal M selected from Ti, V, Zr 
and Hf containing at least one m-tt bond and optionally 
with an alkyl-Al compound; 

(III) a second stage of polymerization, in which one or more 
of said olefins CH2-CHR are polymerized, in one or more 
reactors, in the presence of the product obtained in said 
treatment stage (II). 

Preferably, the porosity of the polymer produced in the 
first stage of polymerization (I) is greater than 10% and more 
preferably greater than 15%. Porosity values as high as 35-40% 
or greater are possible. 

Preferably the polymers produced in the first stage of 
polymerization (I) are characterized by the fact that they 
have macroporosity . In general, more than 40% of the porosity 
of said polymers is due to pores with diameter greater than 
10000 A. When the porosity of the polymer produced in the 
first stage of polymerization (I) is greater than 15%, the 
distribution of pore radius is preferably such that more than 
90% of the porosity is due to pores with diameter greater than 
10000 A. 

- 6 - 
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The porosity, expressed as percentage of voids, and the 
distribution of pore radius are determined by the mercury 
method described hereinafter. 

Production of a porous polymer in stage (I) makes it pos- 
sible to obtain a product containing the compound of the tran- 
sition metal M in a significant amount and having particularly 
high activity in the second stage of polymerization (III). 
Moreover, when a rubbery copolymer is produced in stage (III)i 
the porosity of the polymer produced in stage (I) makes it 
possible to work in the gas phase without particular problems. 
The same result cannot be obtained when the polymer produced 
in stage (I) is not porous. 

The amount of polymer produced in stage (I) is generally 
greater than 2000 g/g of solid component, preferably greater 
than 3000 g/g, and more preferably greater than 5000 g/g. 

The catalyst used in the first stage of polymerization 
(I) comprises the product of the reaction between: 
(a) a solid component comprising a compound of a transition 
metal M' selected from Ti or V and not containing M'-jt 
bonds, supported on magnesium halide in active form. The 
solid component can also comprise an electron-donor com- 
pound (internal donor). As a rule, the internal donor is 
used when the solid component is used for preparing cata- 
lysts for the stereospecif ic polymerization of propylene, 

- 7 - 



wo 9d/02583 



PCT/EP9S/02808 



1-butene and similar a-olefins/ where high stereospecif i- 
city is necessary to obtain polymers with an isotactic 
index higher than 90; 
(b) an aikyl-Al compound and optionally an electron-donor 
compound (external donor). 

When stereoregular polymers are produced in stage (I), 
for example polymers of propylene with high isotactic index, 
the external donor is used for imparting the necessary high 
stereospecif icity to the catalyst. However, when diethers of 
the type described in patent EP-A-361493 are used as internal 
donors ; the stereospecif icity of the catalyst is sufficiently 
high in itself and the external donor is not necessary. 

The catalyst must be capable of giving a polymer with 
porosity greater than 5%. 

The halides of magnesium, preferably MgClj, in active 
form, used as support for Ziegler-Natta catalysts, are widely 
known from the patent literature. Patents USP 4,298,718 and 
USP 4,495,338 first described the use of these compounds in 
Ziegler-Natta catalysis. It is known from these patents that 
the halides of magnesium in active form used as support or co- 
support in components of catalysts for the polymerization of 
olefins are characterized by X-ray spectra in which the most 
intense diffraction line that appears in the spectrum of the 
non-active halide is diminished in intensity and is replaced 
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by a halo whose maximmn intensity is shifted towards lower 
angles compared with that of the most intense line. 

The compound of the transition metal m' is selected pre- 
ferably from the group consisting of: Ti halides, Ti halo- 
alkoxides, VCI3, VCI4, VOCI3, halo-alkoxides of vanadium. 

Among the titanium compounds, the preferred are TiCl4, 
TiClj and the halo alkoxides of the formula Ti(OR^)„Xn in which 
is a hydrocarbon radical with 1-12 carbon atoms or a -COR^ 
group, X is a halogen and (m+n) is the valence of titanium. 

The catalytic component (A) is advantageously used in the 
form of spherical particles having mean diameter between about 
10 and 150 jm. Suitable methods for the preparation of said 
components in spherical form are described for example in pat- 
ents EP-A-395083, EP-A-553805, EP-A-553806, whose description 
relating to the method of preparation and to the characteris- 
tics of the products is herein incorporated for reference. 

Examples of internal donor compounds are ethers, esters, 
in particular esters of polycarboxylic acids, amines, ketones 
and 1,3-diethers of the type described in patent EP-A-361493. 

The alkyl-Al compound (B) is generally selected from 
trialkylaliiminiiuns such as AlEtj, triisobutyl-Al, tri-n-butyl- 
Al, tri-n-hexyl-Al and tri-n-octyl-Al. It is also possible to 
use mixtures of trialkyl-Al ' s with alkyl-Al halides or alkyl- 
Al sesguichlorides such as AlEtjCl and Al2Et3Cl3. 

- 9 - 
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The external donor can be the same as or can be different 
from the internal donor. When the internal donor is an ester 
of a polycarboxylic acid, such as a phthalate, the external 
donor is preferably selected from silicon compounds of formula 
RiR2Si(OR)2/ where Ri and R2 are alkyl, cycloalkyl or aryl rad- 
icals with 1-18 carbon atoms. Examples of silanes are methyl- 
cyclohexyldimethoxysilane , diphenyldimethoxysilane , methyl-t- 
butyldimethoxysilane and dicyclopentyldimethoxysilane. 

The compounds of the transition metal M used in treatment 
stage (II) are selected from compounds of Ti, V, 2r and Hf 
having at least one M-rr bond* Preferably, said compounds con- 
tain at least one ligand L, having a mono or polycyclic struc- 
ture containing conjugated n electrons, coordinated on the 
metal M. 

Said compound of Ti, V, Zr or Hf is preferably selected 
from components having the following structure: 

Cptol^R2fcR^ (i) 

Cp^Cp°MR^R\ (ii) 

(Cp^-A.-Cp")MR\R\ (iii) 
in which M is Ti, V, Zr or Hf ; Cp^ and Cp°, equal or different, 
are cyclopentadienyl groups or substituted cyclopentadienyl 
groups; two or more substituents on said cyclopentadienyl 
groups can form one or more rings having from 4 to 6 carbon 
atoms; K\ and R^ equal or different, are hydrogen or 
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halogen atoms or an alkyl or alkoxy group with 1-20 carbon 
atoms, aryl, alkaryl or aralkyl with 6-20 carbon atoms, an 
acyloxy group with 1-20 carbon atoms, an allyl group, a 
substituent containing a silicon atom; A is an alkenyl bridge 
or one with structure selected from: 

Ri Ri Ri Ri Ri Rx 

I II I II 

— Mi~, —Ml Ml—, — 0— MrO— , -C — Ml—, =BR,, AlRj, 

I i i I II 

Ri R2 R2 R2 ^2 R2 

-Ge-, -Sn-, -0-, -S-> =S0, =S02, =NRi, =PRi and =P(0)Rx, in 
which Ml is Si, Ge, or Sn; Rj and Rj, equal or different, are 
alkyl groups with 1-4 carbon atoms or aryl groups with 6-10 
carbon atoms; q,, h and £ are, independently, integers from 0 
to 4; s is an integer from 1 to 6 and two or more of the rad- 
icals R^ R^ and R^ can form a ring. In the case where the Cp 
group is substituted, the substituent is preferably an alkyl 
group with 1-20 carbon atoms. 

Examples of compounds of formula (I) are: (MesCp)HMe3, 
( MejCp ) M ( OMe ) 3 , ( MesCp ) MC I3 , ( Cp ) MC I3 , ( Cp ) MMej , ( MeCp ) MMea , 
(Me3Cp)MMe3, (Me4Cp)MCl3, (Ind)MBenz3, (H4lnd)MBenz3, (Cp)MBU3. 

Examples of compounds of formula (II) are: (Cp)2MMe2, 
(Cp)2MPh2, (Cp)2MEt2, (Cp)2MCl2, (Cp)2M(OMe)2, (Cp)2M(0Me)Cl, 
(MeCp)2MCl2, (Me5Cp)2MCl2, (MesCpjiMMej/ (Me5Cp)2MMeCl, (l-MeFlu)2- 
MCI2/ (Cp) (Me5Cp)MCl2, (BuCp)2MCl2, (Me3Cp)2MCl2, (Me,Cp)2MCl2, 
(Me5Cp)2M(OMe)2, {Me5Cp)2M(OH)Cl, (Me5Cp)2M(OH)2, (Me5Cp)2M(C«H5)2, 
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(Me5Cp)2M(CHj)Cl, (EtMe4Cp)jMCl2, [ (C6Hj)Me4Cp]2MCl2, (EtsCp)2MCl2, 
(Me5Cp)2M(C6Hs)Cl, (Ind)2MCl2, {Ind)2MMe2, (H4lnd)2MCl2, (H4lnd)2M- 
Me2, {[Si(CH3)3]Cp}2MCl2, {[Si(CHj)3]2Cp}2MCl2/ (Me4Cp)(Me5Cp)MCl2. 

Examples of compounds of formula (III) are: C2H4(lnd)2MCl2» 
C2H4(Ind)jMMe2, C2H4(H4lnd)2MCl2, C2H4(H4lnd)2MMe2, Me2Si(Me4Cp)2MCl2, 
Me2Si(He4Cp)2MMe2, Me2SiCp2MCl2, Me2SiCp2MMe2, Me2Si(Me4Cp}2MMeOMe, 
Me2Si(Flu)^Cl2, Me2Si(2-Et-5-iPrCp)2MCl2, Me2Si(H4lnd)2MCl2, Mcj- 
Si(H4Flu)2MCl2, Me2SiCH2(Ind)2MCl2/ Me2Si(2-MeH4lnd)2MCl2, Me2Si(2- 
MeInd)2MCl2, Me2Si(2-Et-5-iPrCp)2MCl2, Me2Si(2-Me-5-EtCp)2MCl2, 
Me2Si(2,5-Me2Cp)2MCl2, Me2Si(2-Me-4,5-benzoindenyl)^Cl2, Me2Si- 
(4,5-benzoindenyl)2MCl2, Me2Si(2-EtInd)^Cl2, Me2Si(2-iPrInd)2- 
MCI2, Me2Si(2-t-BuInd)MCl2, Me2Si(3-t-Bu-5-MeCp)2MCl2, Me2Si(3-t- 
Bu-5-MeCp)2MMe2, Me2Si(2-MeInd)2MCl2, Me2C(Flu)CpMCl2, C2H4(2-Me- 
4,5-benzoindenyl)2MCl2, Ph2Si(Ind)jMCl2, Ph(Me)Si( Ind)^Cl2, C2H4- 
(H4lnd)M(NMe2)OMe, isopropylidene( 3-t-BuCp) (Flu)MCl2, MezC- 
(Me4Cp)(MeCp)MCl2, MeSi(Ind)2MCl2, Me2Si(Ind)2MMe2, Me2Si(Me4Cp)2M- 
Cl(OEt), C2H4(Ind)2M(NMe2)2, C2H4(Me4Cp)2MCl2, Me2Si(3-Melnd)2MCl2, 
C2Me4(Ind)2MCl2, C2H4(2-MeInd)^Cl2, C2H4(3-MeInd)2MCl2, C2H4(4,7- 
Me2lnd)2MCl2, C2H4(5,6-Me2lnd)2MCl2, C2H4(2,4,7-Mejlnd>2MCl2/ C2H4- 
(3,4, 7-Me,Ind )2MCl2, C2H4(2-MeH4lnd)2MCl2, C2H4(4 , 7-Me2H4lnd)2MCl2, 
C2H4(2,4,7-Me3H4lnd)2MCl2, Me2Si(4, 7-Me2lnd)2MCl2, Me2Si(5, 6-Me2- 
Ind ) 2MCI2, Me2Si (2,4, 7-Me3H4lnd ) 2MC12 . 

In the simplified formulae given above, the symbols have 
the following meanings: Me=methyl, Et=ethyl, iPr=isopropyl, 
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Bu=butyl / Ph=phenyl , Cp=cyclopentadienyl , Ind=indenyl , 
H4lnd=4 / 5 , 6 , 7-tetrahydroindenyl ; Flu=f luorenyl r Benz^benzyl , 
M= Ti, Zr or Hf/ preferably 2r. 

Compounds of the type Me2Si(2-MeInd)2ZrCl2 and Me2Si(2-Me- 
H4lnd)ZrCl2 and their methods of preparation are described 
respectively in European applications EP-A-485822 and 485820, 
the description of which is included herein for reference. 

Compounds of the type MejSiC 3-t-Bu-5--MeCp)2ZrCl2 and of 
the type Me2Si(2-Me-4,5-benzoindenyl)2rCl2 and their method of 
preparation are described respectively in USP 5132262 and in 
patent application EP-A-549900, the description of which is 
included herein for reference. 

The first stage of polymerization (I) can be carried out 
in liquid phase or in gas phase, working in one or more reac- 
tors. The liquid phase can consist of an inert hydrocarbon 
solvent (suspension process) or of one or more olefins CH2=CHR 
(liquid monomer process). Gas-phase polymerization can be 
carried out using the known f luidized-bed technique or working 
in conditions in which the bed is agitated mechanically. 

Treatment stage (II) can be carried out by contacting the 
polymer produced in stage (I) with solutions of the transition 
metal M in hydrocarbon solvents (benzene, toluene, heptane, 
hexane and the like). Preferably, the metallocene compound is 
used in solutions of hydrocarbon solvents also containing an 
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alkyl-Al compound, such as triisobutyl-Al, AlEtj and/or a 
polyaluminoxane/ for example poly(methylaluminoxane) (MAO). 
The molar ratio of the alkyl-Al compound to the metal locene 
compound is greater than 2 and preferably between 5 and 5000, 
more preferably between 5 and 1000. The treatment stage (II) 
can be effected by suspending the polymer produced in stage 
(I) in hydrocarbon solvents containing dissolved therein the 
compound of the transition metal M, and optionally an Al-alkyl 
compound and/or a polyaluminoxane, generally working at tem- 
perature between 0 and 100**C, preferably between 10 and 60^C, 
and removing the solvent at the end of the treatment. Alter- 
natively, the polymer produced in (I) can be contacted with 
solutions of the compound of metal M containing the minimum 
quantity of solvent for keeping said compound in solution. 
Treatment stage (II) can be conveniently carried out in a loop 
reactor in the gas phase, in which the polymer produced in the 
first stage of polymerization (I) is circulated by a stream of 
inert gas. Solutions of the compound of the transition metal M 
are fed, for example with a sprayer, to the loop reactor in 
the gas phase, obtaining a free-flowing product at the end of 
the treatment. 

The quantity of compound of transition metal M, expressed 
as metal, contained in the product obtained from treatment 
stage (II)/ can vary over a very wide range depending on the 
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compound of transition metal M used and on the relative amount 
of product that is desired to produce in the various stages. 
Generally, such a quantity is between I^IO'^ and 1*10*^ g of 
metal M/g of product, preferably between 5*10'' and 5*10"*, more 
preferably between 1»10^ and 1»10'^* Larger amounts are, how- 
ever, possible* 

The second stage of polymerization (III) can be carried 
out in the liquid phase or in the gas phase, working in one or 
more reactors. The liquid phase can consist of an inert hydro- 
carbon solvent (suspension process) or of one or more olefins 
CH2=CKR (liquid monomer process). Gas-phase polymerization can 
be effected in reactors with a fluidized bed or a mechanical- 
ly-stirred bed. During the second stage of polymerization 
(III) it is convenient to feed into the polymerization reactor 
an alkyl-Al compound selected from trialkyl-Al, in which the 
alkyl groups have 1-12 carbon atoms, and linear or cyclic 
aluminoxane compounds containing the repeating unit -(R4)A10-, 
in which R4 is an alkyl group with 1-8 carbon atoms or a 
cycloalkyl or aryl group with 6-10 carbon atoms, the said 
aluminoxane compounds containing from 1 to 50 repeating units. 
As a rule, the alkyl-Al compound is fed to polymerization 
stage (III) when the treatment stage (II) is carried out in 
the absence of alkyl-Al compounds. 

A block diagram of the process of the invention is shown 
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in Fig. 1. Reference number 1 indicates the first stage of 
polymerization (I), in which one or more olefins CH2=CHR are 
polymerized in the presence of a catalyst comprising the prod- 
uct of the reaction between an alkyl-Al compound and a solid 
component comprising at least one compound of transition metal 
not containing M^-rr bonds, obtaining a porous olefinic poly- 
mer; reference number 2 indicates the treatment stage (II), 
in which the porous polymer produced in the first stage of 
polymerization is contacted with a compound of a transition 
metal M containing M-tt bonds and optionally with an alkyl-Al 
compound; reference number 3 indicates the second stage of 
polymerization (III) in which one or more olefins CH2=CHR are 
polymerized in the presence of the product obtained from 
treatment stage (II) and optionally of an alkyl-Al compound. 

The process of the invention can be used for preparing a 
wide range of olefinic polymer compositions. In particular, 
the process of the invention is particularly suitable for the 
preparation of high-impact polypropylene (heterophase copoly- 
mers of propylene). In fact, a further aspect of the present 
invention is a process for the preparation of heterophase 
copolymers of propylene comprising at least two stages of 
polymerization in which: 

(A) in a first stage of polymerization, propylene or its mix- 
ture with ethylene and/or one or more olefins CH2=CHR°, 
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where R° is a hydrocarbon radical with 2-10 carbon atoms / 
is polymerized in one or more reactors in the presence of 
a catalyst comprising the product of the reaction between 
an alkyl-Al compound, optionally an electron-donor com- 
pound (external donor) and a solid component comprising 
at least one compound of a transition metal selected 
from Ti or V and not containing M^-n bonds, a halide of 
magnesium in active form and optionally an electron-donor 
compound (internal donor), obtaining an olefinic polymer 
having porosity, expressed as percentage of voids, 
greater than 5%, content of units derived from ethylene 
and/or from the CH2«CHR" olefin less than 20% by weight, 
content of units derived from propylene greater than 80% 
by weight and insolubiluty in xylene greater than 60%; 

(B) a treatment stage, in which the product obtained in said 
first stage of polymerization (A) is contacted with a 
compound of a transition metal M selected from Ti, V, Zr 
and Hf containing at least one M-ti bond and optionally 
with an alkyl-Al compound; 

(C) a second stage of polymerization, in which one or more 
olefins CHj^CHR, where R is hydrogen or an alkyl, 
cycloalkyl or aryl radical with 1-10 carbon atoms, are 
polymerized, in one or more reactors, in the presence of 
the product obtained in said treatment stage (B), obtain- 
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ing a substantially amorphous olefinic (co) polymer in a 
quantity between 20 and 80% by weight relative to the 
total amount of polymer produced in stages (A) and (C)* 
The polymer produced in stage (A) is preferably a homo- 
polymer of propylene with high index of isotacticity, or a 
crystalline copolymer of propylene that has a content by 
weight of units derived from ethylene and/or from the CH2=CHR^ 
olefin, less than 10%. 

Non-limiting examples of substantially amorphous olefinic 
(CO) polymers that can be prepared in stage (C) are the elasto- 
meric copolymers of ethylene and propylene and the elastomeric 
terpolymers of ethylene and propylene with smaller proportions 
of a diene, which have a content by weight of units derived 
from ethylene between about 30 and 70%; the elastomeric copo- 
lymers of ethylene and butene and the elastomeric terpolymers 
of ethylene, butene and propylene that have a content by 
weight of units derived from ethylene between about 30 and 
70%; the atactic polypropylenes having high molecular weight 
(fj > 1). Examples of these copolymers are described in Euro- 
pean patent applications EP-A-586658 and EP-A-604917 and in 
Italian patent applications MI-93A000943, MI-93A001405, MI- 
93A001406, MI-93A001960 and MI-93A001963, to which reference 
is made for the part relating to the characteristics of the 
products and to the catalysts used in their preparation. 
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The first stage of polymerization (A) can be conveniently 
carried out in liquid propylene, working in one or more loop 
reactors, or in the gas phase, working in one or more reactors 
with a fluidized bed or a mechanically-stirred bed. The gas- 
phase technology with a fluidized bed is preferred. 

The second stage of polymerization (C) is preferably 
carried out in one or more reactors in the gas phase with a 
fluidized bed. Other technologies (for example suspension 
polymerization or gas-phase polymerization with mechanically- 
stirred bed) can be used. 

The porosity of the polymer produced in stage (A) is pre- 
ferably greater than 15% (expressed as percentage of voids) 
and more preferably greater than 20%. Values of porosity that 
reach 35-40% or higher are possible. The distribution of pore 
radius is such that more than 40% of the porosity is due to 
pores with diameter greater than 10000 A. Preferably, and for 
high values of porosity, more than 90% of the porosity is due 
to pores with diameter greater than 10000 A. 

The amount of polymer produced in stage (C) is preferably 
between 30% and 75%, more preferably between 35% and 60% by 
weighw relative to the total amount of polymer produced in 
stages (A) and (C). 

The process is preferably effected continuously, working 
in both stages of polymerization (A) and (C) in f luidized-bed 
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reactors in the gas phase, treatment stage (B) being effected 
in a loop reactor in the gas phase • The first stage of polyme-- 
rization (A) is preferably preceded by a stage of prepolymeri- 
zation in which propylene or its mixtures with ethylene and/or 
olefins CH2=CHR° are polymerized in the presence of the cata- 
lyst described in (A) in a quantity of between 5 and 500 g/g 
catalyst. A preferred flowsheet for the preparation of hetero- 
phase copolymers of propylene is shown in Fig. 2. Reference 
number 10 indicates the prepolymerization reactor into which 
the catalyst (101) and the monomers (102) are fed; prepolyme- 
rization is preferably carried out in liquid propylene or in 
an inert hydrocarbon solvent, for example propane. 

Reference number 20 indicates the first stage of polyme- 
rization (A), carried out in one or more f luidized-bed reac- 
tors in the gas phase, into which the prepolymer produced in 
10 is fed, preferably continuously; recycled monomers (201), 
optionally a molecular weight regulator (202), an inert gas 
(203) and an alkyl-Al compound (204) are also fed to the first 
stage of polymerization (A) . Reference number 30 indicates the 
treatment stage (B) which is preferably carried out in the gas 
phase in a loop reactor into which are fed, preferably con- 
tinuously, upon removal of the unreacted monomers, the porous 
polymer produced in 20, the compound of the transition metal M 
(301) and optionally an alkyl-Al compound (302); in said loop 
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reactor / the polymer is circulated by a stream of inert gas 
(303). Reference number 40 indicates the second stage of poly- 
merization (C) carried out in one or more f luidized-bed reac- 
tors in the gas-phase / into which the product coming from 
stage 30 is fed, preferably continuously; recycled monomers 
(401) and optionally a molecular weight regulator (402), an 
inert gas (403) and an alkyl-Al compound (404) are fed to this 
stage of polymerization. 

Preferably the same inert gas is used in the gas-phase 
polymerization reactors and in the gas-phase loop reactor of 
stage (B). Non-limiting examples of inert gases are N2 and 
alkanes with 3-5 carbon atoms and preferably propane. 

The following examples are given for the purpose of bet- 
ter illustrating the invention but do not limit it. 

The properties stated are determined using the following 
methods : 

Porosity and surface area with nitrogen: determined ac- 
cording to BET methodology (equipment used: SORPTOMATIC 
1800 from Carlo Erba). 
- Size of catalyst particles : is determined by a method 
based on the principle of optical diffraction of mono- 
chromatic laser light with the "Malvern Instr. 2600" ap- 
paratus. The mean size is stated as P50. 
Melt Index E fMlE^ ! determined according to ASTM-D 1238, 
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method E. 

Melt Index F (HlF) : determined according to ASTM-D 1238, 
method F. 

Ratio of degrees (F/E) ! ratio between Melt Index F and 
Melt Index E. 

Melt Index L /MIL^ : determined according to ASTM-D 1238, 
method L* 

Flowability : is the time taken for 100 g of polymer to 
flow through a funnel whose discharge hole has a diameter 
of 1.25 cm and whose walls are inclined at 20® to the 
vertical . 

Density : DIN 53194. 

Morphology and granulometric distribution of the polymer 
particles ! ASTM-D 192 1-63 • 

Fraction soluble in xylene : measured by dissolving the 
polymer in boiling xylene and determining the insoluble 
residue after cooling to 25«C. 

Content of comonomer : percentage by weight of comonomer 
determined from IR spectrum. 
Effective density: ASTM-D 792. 

Porosity : the porosity expressed as percentage of voids 
is determined by absorption of mercury under pressure. 
The volume of mercury absorbed corresponds to the volume 
of the pores. For this determination, a calibrated dila- 
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roroeter (diameter 3 mm) CD3 (Carlo Erba) connected to a 
reservoir of mercury and to a high-vacuum pump (I^IO'^ 
mba) is used. A weighed amount of sample (about 0.5 g) is 
placed in the dilatometer. The apparatus is then placed 
under high vacuum (<0.1 mmHg) and is kept in these condi- 
tions for 10 minutes. The dilatometer is then connected 
to the mercury reservoir and the mercury is allowed to 
flow slowly into it until it reaches the level marked on 
the dilatometer at a height of 10 cm. The valve that con- 
nects the dilatometer to the vacuum pump is closed and 
the apparatus is pressurized with nitrogen (2.5 kg/cm^) . 
Under the effect of the pressure, the mercury penetrates 
into the pores and the level goes down according to the 
porosity of the material. Once the level at which the 
nercury has stabilized has been measured on the dilate- 
r.eter, the volume of the pores is calculated from the 
equation V=R^»rr»AH, where R is the radius of the dilato- 
neter and AH is the difference in cm between the initial 
and final levels of the mercury in the dilatometer. By 
weighing the dilatometer, dilatometer+mercury, dilatome- 
ter+mercury+s ample, the value of the apparent volume Vj 
of the sample prior to penetration of the pores can be 
calculated. The volume of the sample is given by; 
v,=[Pr(P2-P)]/D 
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Where P is the weight of the sample in grams, is the 
weight of the dilatometer+mercury in grams, P2 is the 
weight of the dilatometer+mercury+sample in grams, D is 
the density of mercury (at 25^C « 13.546 g/cm^) . The per- 
centage porosity is given by the relation X=(100»V)/Vj. 
Extractabi lity in hexanet determined by treating 50 g of 
polymer with 700 cm^ of n-hexane at the boiling point of 
the solvent for 1 hour. 

EXAMPLES 

EXAMPLE 1 

Preparation of a solid catalytic component containing Ti 

A solid component containing titanium was prepared accor- 
ding to the procedure of Example 3 in patent EP-A^395083. 
Pre paratio n of a homopolvmer of propylene f stage fin 

In a 100 cm^ glass flask, previously purged with N2 at 
90**C for three hours, 0.0098 g of the above described compo- 
nent, 0.76 g of triethylaluminixim (TEAL) and 0.313 g of cycle- 
hexylmethyldimethoxysilane (CMMS) were precontacted in 10 cm^ 
of hexane for 5 minutes. The mixture was then fed into a four- 
litre steel autoclave, previously purged with N2 at 90** for 3 
hours. Feed was effected at 30®C in a propylene atmosphere. H2 
(1000 cm^^ and propylene (1.2 kg) were introduced and the auto- 
clave was heated to 70®C. Polymerization was carried out for 2 
hours, followed by degassing in a stream of N2 at TO^C for 1 
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hour. 238 g of spherical polymer with the following character- 
istics were obtained: MIL=3.5; porosity (% voids) = 24%. 

Preparation ol a mixtur? ol rngthylalvuninoxan^ (MftO) &nd 

ethylenebis ( tetrahydrpindenyl ) zirggni^in dichioride ^ebthi- 

A 100 cm^ glass flask, previously purged with N2/ was feed 
with 0.002 g of EBTHI-ZrClj, 0.27 g of MAO and 50 cm^ of tolu- 
ene/ stirring the solution at 20®C for 30 minutes. 
Treatment q£ £h£ homopolymer yith MAO/EBTHI-ZrCl. mixture 

[gtage (II)] 

A previously-purged steel autoclave was fed with 238 g of 
homopolymer obtained previously and the MAO/EBTHI-ZrClj sol- 
ution was introduced while stirring. The system was stirred 
continuously at 30^C for about 30 minutes, and at the end, the 
solvent was removed in a stream of nitrogen at 50 ®C. 
Ethvlene /propylene coDolvmerization r stage flim 

After the treatment stage (II)/ in the same autoclave, an 
ethylene/propylene mixture was fed in a 60/40 ratio up to a 
total pressure of 9 bar and polymerization was carried out at 
50*=^C for three hours, keeping the pressure constant. 340 g of 
heterophase copolymer were obtained in the form of spheroidal 
particles which had good flowability and contained 30% by 
weight of ethylene/propylene copolymer. The ethylene/propylene 
copolymer was separated from the homopolymer matrix by extrac- 
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tion with n-hexane and was characterized. The copolymer had 
the following characteristics: [j;]=1.1; Mw/Mn=2, 
EXAMPLE 2 

The Ti catalyst and the propylene homopolymer were pre- 
pared according to the procedure in Example !• 

Preparation of the mixture of methylaluminoxane m&Q} — ^ 

ethylenebis ( tetrah ydroindeny 1 ) zirconium dighlQCi^^ (EBTHI" 

ZrClz) 

12,5 cm^ of M-MAO (modified MAO) in a solution of Isopar 
C, 0,01 g of EBTHI-2rCl2 and 200 cm^ of anhydrous hexane were 
precontacted in a 250 cm^ flask, previously purged in N2 at 
90 ®C for 3 hours, and stirred continuously at 20" C for 30 min. 
Treatment of the homooolvmer with MAO/EBTHI ZcCla miXtUge 

[staqg (11)1 

A gas-phase loop reactor with a volume of 1000 cm^, pre- 
viously purged, was loaded with 100 g of homopolymer obtained 
previously, circulating it with a stream of nitrogen. The M- 
MA0/EBTHI-ZrCl2 solution was introduced, by means of a 
sprayer, over 90 minutes and at temperature of 30«*C, and at 
the end the polymer was obtained in the form of free-flowing 
particles. 

Ethylene /propvlene copolymerization f stage 

100 g of polymer treated with the MAO/EBTHI-ZrClj mixture 
was fed into a gas-phase reactor with a total volume of 35 1 
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that had been previously purged with N2 at 90®C for 3 hours. 
The system was fluidized with 5 bar of propane and an ethyle- 
ne/propylene mixture (60/40 ratio) was introduced up to a 
pressure of 9 bar at 50*C. Polymerization was carried out for 
3 hours, keeping the pressure constant. 160 g of heterophase 
copolymer were obtained, containing 37.5% by weight of ethyle- 
ne/propylene copolymer, in the form of free-flowing spherical 
particles. The ethylene/propylene copolymer was separated from 
the homopolymer matrix by extraction with n-hexane and was 
then characterized. The ethylene/propylene copolymer had the 
following characteristics: [J/l«1.5; ethylene=69%; Mw/Mn=2.8. 
EXAMPLE 3 

The Ti catalyst and the propylene homopolymer were pre- 
pared according to the procedure described in Example 1. 
Pre parati on of tihe MAO . ethylene-bis-indenyl-zirconium- 
dichlorid e , triisobutylaluminium fTIBAL^ solution. 

Into a 250 cm^ round bottomed flask, previously purged 
with K. at 90^C for 3 hour, 110 cm^ of anhydrous toluene, 1.4 g 
of MAO, 0.045 g of EBI and 14 cm^ of a 100 g/1 solution of 
TIBAL in hexane were fed; the system was kept at 20**C for 1 
hour whilst stirring, until a clear solution was obtained. 
TreatTnent of the homopolymer with the TIBAL/MAO/EBI solution 

192 g of the above described homopolymer was added to the 
previously described TIBAL/MAO/EBI solution by the same method 
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described in example 2. 
Copolymerization of ethylene /butane 

The polymer, pre-treated with the MAO/TIBAL/EBI solution, 
was fed into the gas phase reactor described in example 2. The 
system was fluidized with 5 bar of propane at 75 and 330 g 
of ethylene and 100 g of butene were fed until a total pres- 
sure of 15 bar was reached. The reaction was carried out for 3 
hours. 620 g of a polymer blend in the form of spherical par- 
ticles were obtained. 
EXAMPLE 4 

The Ti catalyst was prepared acording to the process 

described in example 1. 

PQlyn^grizfttign using th^ Ti gfttalygt* 

The above described catalyst was used in a polymerisation 
process carried out under the same conditions as in example 1, 
the only difference being that 10 g of ethylene were fed. 240 
g of an ethylene/propylene random copolymer were obtained in 
the form of spherical particles with the following character- 
istics: MIL=4.5; C2=2.2%; porosity = 23%. 

Preparatio n of the MAO/TlBAL/Ethvlene-bis-4 , 7-dimethvlindenvl 
zirconium dichloride ^EBDMI^ solution 

Into a 250 cm^ reactor, previously purged with nitrogen 
at 90 ""C for 3 hours, 150 cm^ of anhydrous toluene, 1.5 gr of 
TIBAL in hexane ( [c]=100g/l) , 0.02 g of EBDMI and 0.2 g of MAO 
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were fed* The system was kept stirred for 1 hour at 20**C, 
Treatment of the coDolvmer with the MAO/TIBAL/EBDMI solution 

200 g of the above described copolymer were treated with 
the MAO/TIBAL/EBDMI solution under the same conditions as 
described in example 2. 

Ethyleng/btttgn^ gopolymerization 

176 g of copolymer treated with the MAO/TIBAL/EBDMI sol- 
ution were used in a polymerization process carried out as 
described in example 3, but feeding 335 g of ethylene and 200 
g of butene. 310 g of a polymer blend in the form of spherical 
particles were obtained. 
EXAMPLE 5 

The Ti catalyst was prepared according to the process 
described in example 1. 
Polymerization us ing the Ti catalyst. 

0.0116 g of the above described catalyst was precontacted 
with 0.25 g of TEAL in 25 cm^ of hexane for 5 minutes at 20^ C. 
Subsequently it was fed into a 4 1 steel autoclave containing 
800 g of propane at 20**C. The whole was heated to 75*^0 and 0.5 
bar of H2 and 7 bar of ethylene were fed. Polymerization was 
carried out for 3 hours obtaining about 450 g of polyethylene 
in the form of spherical particles. 
Preparatio n of the MAO/TIBAL/EBI solution 

Into a previously purged 250 cm^ reactor 100 cm^ of 
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toluene, 0.178 g MAO, 0.095 g EBI, 15 cm* of a TIBAL solution 
in hexane ([c]=100 g/1) were fed, maintaining the mixture 
under nitrogen at 20 ®C for 1 hour. 

Treatment of the po lymer with the MAO/ttbal/EBI solution 

184 g of the above described polymer was treated with the 
MAO/TIBAL/EBI solution according to the procedure described in 
example 2. 

Polymerization of ethylene 

113 g of the above described treated polymer was fed into 
a gas -phase reactor and fluidized with 8 bar of propane and 7 
bar of C2 at 75 ®C; polymerization was carried out for 3 
hours. 206 g of spherical form polyethylene was obtained hav- 
ing the following properties: MIE=0.022; F/E=52.3; [r)]-3.Sl; 
MW/Mn=6.3. 
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CZAZMS 

1. Process for the polymerization of one or more olefins 
CH2=CHR, where R is hydrogen or an alkyl, cycloalkyl or 
aryl radical with 1-10 carbon atoms, characterized in 
that it comprises: 

(I) a first stage of polymerization, in which one or 
more of said olefins CH2=CHR are polymerized, in one 
or more reactors, in the presence of a catalyst com- 
prising the product of the reaction between an Al- 
alkyl compound and a solid component comprising at 
least one compound of a transition metal selected 
from Ti and V and not containing W-n bonds and a Mg 
halide in active form, said catalyst being capa-ble 
of producing an olefin polymer having porosity, 
expressed as percentage of voids, greater than 5%; 

(II) a treatment stage, in which the product obtained in 
said first stage of polymerization (I) is contacted 
with a compound of a transition metal M selected 
from Ti, V, 2r and Hf containing at least one M~rr 
bond and optionally with an alkyl-Al compound; 

(III) a second stage of polymerization, in which one or 
more of the said olefins CHa'^CHR are polymerized, in 
one or more reactors, in the presence of the product 
obtained in said stage (II). 
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2. Process according to Claim 1/ in which the porosity of 
the polymer produced in the first stage of polymerization 
(I) is greater than 10%. 

3. Process according to Claim 1; in which the porosity of 
the polymer produced in the first stage of polymerization 
(I) is greater than 15%. 

4. Process according to Claim 1, in which more than 40% of 
the porosity of the polymer produced in the first stage 
of polymerization (I) is due to pores with diameter 
greater than 10000 A. 

5. Process according to Claim 3, in which more than 90% of 
the porosity of the polymer produced in the first stage 
of polymerization (I) is due to pores with diameter 
greater than 10000 A. 

6. Process according to Claim 1, in which the magnesium 
halide is MgCl2 and the compound of the transition metal 

is selected from the group consisting of: Ti halides/ 
Ti halo-alkoxides, VCI3, VCI4, VOCI3 and halo alkoxides of 
V. 

7. Process according to Claim 6, in which the Ti compound is 
selected from the group consisting of: TiCl4, TiClj and 
halo alkoxides of the formula Ti(OR^)„X„, in which is a 
hydrocarbon radical with 1-12 carbon atoms or a -COR* 
group, X is a halogen and (m+n) is the valence of the Ti. 
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8. Process according to Claim 1, in which the solid compo- 
nent used in the first stage of polymerization (I) is in 
the form of spheroidal particles having mean diameter 
between 10 and 150 jm. 

9. Process according to Claim 1, in which the compound of 
the transition metal M comprises at least one ligand L 
coordinated on the metal, said ligand L having a mono- or 
polycyclic structure containing conjugated n electrons. 

10. Process according to Claim 9, in which the compound of 
the transition metal M is selected from: 

Cpto^R^,^^ (i) 
Cp'Cp°MR\R\ (ii) 
( Cp^-A.-Cp° ) MR\R\ ( iii ) 

in which M is Ti, V, Zr or Hf; Cp^ and Cp°, identical or 
different, are cyclopentadienyl groups or substituted 
cyclopentadienyl groups; two or more substituents on said 
cyclopentadienyl groups can form one or more rings having 
from 4 to 6 carbon atoms; R\ R? and R\ same or differ- 
ent; are hydrogen or halogen atoms or an alkyl or alkoxy 
group with 1--20 carbon atoms ^ aryl, alkaryl or aralkyl 
with 6-20 carbon atoms / an acyloxy group with 1-20 carbon 
atoms, an allyl group, a substituent containing a silicon 
atom; A is an alkenyl bridge or one with structure 
selected from: 
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Rt Ri Rj Ri Ri Rj 

I II I I i 

— Ml—, —Ml M,— , — 0-Mi-O-, _C — M,-, =BR,, 

i II I II 

Rj R2 R2 ^2 ^2 ^2 

=AlRi, -Ge-, -Sn-, =S0, =802/ =NRi, =PRi and 

=P(0)Ri, in which Mi is Si, Ge, or Sn; Rj and Rj, equal or 
different, are alkyl groups with 1-4 carbon atoms or aryl 
groups with 6-10 carbon atoms; ^, h and £ are, indepen- 
dently, integers from 0 to 4; & is an integer from 0 to 
6 and two or more of the radicals R*, R^ and R^ can form a 
ring. 

11. Process according to Claim 9, in which the compound of 
the transition metal is selected from compounds having 
the structure: 

(Me5Cp)MMe3, (MesCp)M(0Me)3, (MejCp)MCl3, (Cp)MCl3, (Cp)MMe3, 
(MeCp)MMe3, (Me3Cp)MMe3, (Me4Cp)MCl3, (Ind)MBenz3, (H4lnd)- 
MBenZ3, (Cp)MBU3. 

12. Process according to Claim 9, in which the compound of 
the transition metal is selected from compounds having 
the structure: 

(Cp)2MMe2, (Cp)2MPh2, (Cp)2MEt2, (Cp)2MCl2, (Cp)2M(OMe)2, 
( Cp ) 2M ( OMe ) CI , ( MeCp ) jMC I2 , ( MejCp ) 2MCI2 , ( MejCp ) 2MMe2 , 
(Me5Cp)2MMeCl, (Cp)(Me5Cp)MCl2, ( l-MeFlu)2MCl2, (BuCp)2MCl2, 
( MejCp ) 2MC I2 , ( Me4Cp ) 2MCI2 , ( MesCp ) jM ( OMe ) 2 , ( MejCp ) 2M ( OH ) CI , 
(Me5Cp)2M(OH)2, (Me5Cp)2M(CcHs)2, (Me5Cp)2M(CH3)Cl, (EtMe4Cp)2- 
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MCI2, [(CjH5)Me4Cp]2MCl2, (EtsCp)2MCl2, (Me5Cp)2M(CjHj)Cl, 
(Ind)2MCl2, (Ind)2MMe2, (H4lnd)2MCl2, (H4lnd)2MMe2, 
{rSi(CH3)3]Cp}2MCl2, {[Si(CH,)3]2Cp}2MCl2, (Me4Cp)(MesCp)MCl2. 
13. Process according to Claim 9, in which the compound of 
the transition metal is selected from compounds having 
the structure: 

C,H4( Ind)2MCl2, C2H4( Ind)2MMe2/ C2H4( H4lnd)2MCl2/ 
C2H4(H4lnd)2MMe2, Me2Si(Me4Cp)2MCl2, Me2Si(Me4Cp)2MMe2, 
Ke.SiCp2MCl2, Me2SiCp2MMe2, Me2Si(Me4Cp)2MMeOMe, MejSiCFlu)^- 
CI2, Me2Si(2-Et-5-iPrCp)2MCl2/ Me2Si(H4lnd)2MCl2, MejSi- 
{H4Flu)2MCl2, Me2SiCH2(Ind)2MCl2, Me2Si(2-Me-H4lnd)2MCl2, 
Ke2Si(2-MeInd)2MCl2, Me2Si(2-Et-5-iPr-Cp)2MCl2, Me2Si(2-Me- 
5-EtCp)^Cl2, Me2Si(2-Me-5-Me-Cp)2MCl2, Me2Si(2-Me-4,5- 
benzoindenyl)2MCl2/ Me2Si(4r5-benzoindenyl)2MCl2/ Me2Si(2- 
£tInd)2MCl2, Me2Si(2-iPr-Ind)2MCl2, Me2Si(2-t-BuInd)MCl2/ 
KeaSi ( 3-t-Bu-5-MeCp)2MCl2, Me2Si ( 3-t-Bu-5-MeCp)2MMe2, 
Ke2S i ( 2 -Me I nd ) 2MCI2 , C2H4 ( 2-Me -4 , 5 -benzoindeny 1 ) 2MCI2 / 
!:ejC(Flu)CpMCl2, Ph2Si ( Ind)2MCl2, Ph(Me)Si( Ind)2MCl2, 
CiH4(H«Ind)M(NMe2)OMe, isopropylidene-(3-t-BuCp) {Plu)MCl2, 
Ke2C(Me4Cp) (MeCp)MCl2, MeSi(Ind)2MCl2, Me2Si(Ind)2MMe2, 
Ke2Si(Me4Cp)2MCl(OEt), C2H4(lnd)2M(NMe2)2, C2H4(Me4Cp)2MCl2, 
C>Me4(Ind)2MCl2, Me2Si(3-MeInd)2MCl2/ C2H4(2-MeInd)2MCl2, 
C,H4(3-MeInd)2MCl2, C2H4(4, 7-Me2lnd)2MCl2, C2H4(5, 6-Me2Ind)2M- 
Cl2, C2H4(2,4,7-Me3lnd)2MCl2, C2H4(3,4,7-MejInd)2MCl2, C2H4(2- 
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MeH4lnd)2MCl2, C2H4(4,7-Me2H4lnd)2MCl2, C2H4(2,4,7-MejH4lnd)2M- 
CI2/ MejSi ( 4 , 7-Me2lnd)2MCl2/ He^Si ( 5 , 6-Me2lnd)2MCl2, MejSi- 
(2,4, 7-Me3H4lnd )2MCl2 . 

14. Process according to Claim 1, in which, in the product 
obtained from treatment stage (II), the compound of the 
transition metal M is present in a quantity of between 
I^IO*^ and 1*10*^ by weight expressed as metal. 

15. Process according to Claim 14, in which, in the product 
obtained from treatment stage (II), the compound of the 
transition metal M is present in a quantity of between 
I^IO'* and 1*10"^ by weight expressed as metal. 

16. Process according to Claim 1, in which the catalyst used 
in the first stage of polymerization (I) comprises the 
product of the reaction between an Al-alkyl compound, an 
electron-donor compound and a solid component comprising 
at least one compound of a transition metal selected 
from Ti and V and not containing M^-rr bonds, a magnesium 
halide in active form and an electron-donor compound. 

17. Process according to Claim 1 in which, in the treatment 
stage (II), the product obtained in the first stage of 
polymerization (I) is treated with solutions containing 
the compound of the transition metal M and an alkyl-Al 
compound chosen from trialkyl-Al, in which the alkyl 
groups have from 1 to 12 carbon atoms, and linear or eye- 
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lie aluminoxane compounds containing the repeating unit - 
(R4)A10-, in which R4 is an alkyl group with 1-8 carbon 
atoms or a cycloalkyl or aryl group with 6-10 carbon 
atoms / the said aluminoxane compounds containing from 1 
to 50 repeating units, 

18. Process according to Claim 1^ in which, during the second 
stage of polymerization (III), at least one reactor is 
fed with the product obtained in the treatment stage (II) 
and, together or separately, an alkyl-Al compound 
selected from trialkyl-Al, in which the alkyl groups have 
from 1 to 12 carbon atoms, and linear or cyclic alumin- 
oxane compounds containing the repeating unit -(R4)A10-, 
in which R4 is an alkyl group with 1-8 carbon atoms or a 
cycloalkyl or aryl group with 6-10 carbon atoms, the said 
aluminoxane compounds containing from 1 to 50 repeating 
units . 

19. Process according to Claim 1, in which, the first stage 
of polymerization (I) is carried out in the liquid phase, 
the said liquid phase consisting of a hydrocarbon solvent 
or of one or more olefins CH2=CHR and in which, the sec- 
ond stage of polymerization (III) is carried out in the 
gas phase in at least one reactor with a f luidized bed or 
a mechanically-stirred bed. 

20. Process according to Claim 1, in which, in both stages 
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(I) and (III), polymerization is carried out in the gas 
phase in reactors with a f luidized bed or a mechanically- 
stirred bed. 

21* Process according to Claim 1 in which, the treatment 
stage (II) is carried out in the gas phase in a loop 
reactor . 

22. Process for the preparation of heterophase copolymers of 
propylene comprising at least two stages of 
polymerization in which: 

(A) in at least one reactor, propylene or its mixtures 
with ethylene and/or one or more olefins CH2=CHR°, 
where R° is a hydrocarbon radical with 2-10 carbon 
atoms, are polymerized in the presence of a catalyst 
comprising the product of the reaction between an 
alkyl-Al compound, optionally an electron-donor com- 
pound and a solid component comprising at least one 
compound of a transition metal selected from Ti 
and V and not containing M^-n bonds, a halide of 
magnesium in active form and optionally an electron- 
donor compound obtaining an olefinic polymer having 
porosity, expressed as percentage of voids, greater 
than 5%, content of units derived from the ethylene 
and/or from the CH2=CHR° olefin less than 20% by 
weight, content of units derived from the propylene 
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greater than 80% by weight and insolubility in 
xylene higher than 60%; 

(B) the product obtained in said stage (A) is contacted 
with a compound of a transition metal M selected 
from Ti, V, Zr and Hf containing at least one M-n 
bond and optionally an alkyl-Al compound; 

(C) in at least one reactor, one or more olefins 
CH2=CHR, where R is hydrogen or an alkyl/ cycloalkyl 
or aryl radical with 1-10 carbon atoms, are 
polymerized in the presence of the product obtained 
in said stage (B), obtaining a substantially amor- 
phous olefinic (co) polymer in a quantity of between 
20 and 80% by weight relative to the total amount of 
the polymer produced in stages (A) and (C). 
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